Objecti6e: Arterial switch operation (ASO) is the procedure of choice for the repair of simple d-transposition of the great arteries (TGA) during the neonatal period. Beyond this time such correction is performed in two stages. The first step incorporates banding of the pulmonary artery with or without a Blalock-Taussig shunt to train the left ventricle (LV). The second step consists of the ASO. To find out whether candidates for a two-stage procedure would tolerate a one-stage correction, a trial of pulmonary artery banding was performed. Material and methods: Between February 1986 and December 1995, 224 patients less than 3 months of age with TGA, intact ventricular septum or a small restrictive ventricular septal defect, had an ASO. Seven patients were 4 weeks of age or older (28-70 days). Two of these had a pulmonary artery to systemic pressure ratio higher than 0.6 and underwent primary ASO without complications. The remaining five patients had low left ventricular pressure with a pulmonary to systemic pressure ratio of 0.2-0.5; echocardiography showed a banana-shaped LV with left ventricular wall thickness as low as 3 mm. They underwent a trial of pulmonary artery banding to systemic pressure for 15 -30 min. As this increase in workload was tolerated well with an anticipated decrease of oxygen saturation but without hemodynamic disturbances anticipated, the ASO was performed immediately. Results: Postoperative course was uneventful in all five patients, although catecholamine dependence was prolonged and three patients received enoximone. There were no severe complications. Echocardiography showed an increase in posterior wall thickness from 3 to 6 mm after 19 days in one infant. Conclusion: Some of the children, assigned for a 'two-stage' ASO may tolerate a primary anatomic repair up to an age of at least three months. This subgroup can be selected by a trial of pulmonary artery banding.
Introduction
The arterial switch operation (ASO) is currently accepted to be the best surgical treatment for transposition of the great arteries (TGA). Because of the postnatal decrease of pulmonary vascular resistance and consecutive decrease of left ventricular muscular mass in children with intact ventricular septum (IVS) or a small restrictive ventricular septal defect (VSD), it is routinely performed in the neonatal period.
However there will always be a small group of patients who are referred for surgical treatment beyond the neonatal period. Common reasons are late diagnosis, immaturity or additional disease like cerebral hemorrhage or necrotizing colitis. Because of the well-known long term complications of atrial switch, these children should also be offered an arterial switch. To train the left ventricle (LV) for the increase in workload, a pulmonary artery banding with or without a Blalock-Taussig shunt is usually done prior to the ASO [9, 10] . The mortality of the first step of this so called two-stage-switch can be as high as 15% [12] . Several complications like low-cardiac-output, hypoxemia necessitating secondary insertion of a shunt, aortic regurgitation, decrease of the band-pressure gradient, impossibility of a later Lecompte procedure, development of severe adhesions and LV-dysfunction occur in up to 50% of the patients [6, 11] . Although the complication rate has turned out to be lower with a short time interval between the two operations and LV-function seems to be sufficient as early as one week after banding [8] , the logistic, financial and psychological stress of the two-stage-switch is higher than that of the one step procedure. Thus an intraoperative trial of pulmonary artery banding was performed in order to select patients who can undergo an ASO beyond the neonatal period even with a low LV pressure.
Methods

Patients
Between February 1986 and December 1995, 224 patients with TGA and IVS or a small, restrictive VSD were refered to our institution for surgical management. All of them underwent an ASO. Seven patients were 4 weeks of age or older due to delayed diagnosis (six patients) or perinatal cerebral hemorrhage (one patient). In two of these seven patients LV pressure was considered adequate (pulmonary artery to systemic pressure ratio (P/S-ratio) greater than 0.6), so that they underwent a routine ASO without complications. The remaining five patients showed low LV pressure at cardiac catheterization (P/S-ratio B0.5) and a banana shaped LV echocardiographically. LV posterior wall thickness was low in all of them. Exact measurement, retrospectively available in two patients, was 3 and 4 mm. Four of the five patients had cardiac catheterization with a Rashkind balloon atrioseptostomy. In three patients the ductus arteriosus was still patent. Additional findings were a small, restrictive (2 -3 mm) VSD, a mild coarctation and a mild hypoplastic aortic arch in one patient, each. The clinical data are listed in Table 1 .
Surgical management
The infants were operated on between the 28th and 70th day of life by sternal approach to have the option for an arterial switch procedure in the same session. First of all the arterial (femoral artery) and pulmonary pressures were measured and the pulmonary artery to systemic pressure ratio (P/S-ratio) verified. Pulmonary systolic pressure ranged from 22 to 40 mmHg with a P/S-ratio from 0.2 to 0.5 ( Table 2 ). In the next step a banding of the pulmonary trunk with continuous proximal pressure measurement was performed. The banding was tightened to a P/S-ratio of 0.8-1.0 and left in place for 15-30 min. All infants showed an anticipated decrease in systemic oxygen saturation, but without the need to change ventilation parameters. Any severe drop of the systemic pressure would have been regarded as intolerance of the pulmonary artery banding, but all infants tolerated the banding without hemodynamic disturbances. Thus the banding was removed and ASO was carried out. We performed our standard technique under deep hypothermia and circulatory arrest. A Lecompte maneuver and closure of ASD was done in all five patients. One patient had a small muscular VSD, which was left open. Intra-and postoperative monitoring included standard EKG, central venous and arterial pressure.
Postoperati6e course
There were no early or late deaths and no serious complications (Table 3 ). All children were given epinephrine and dopamine postoperatively. According to our protocol of postoperative treatment of neonates and infants with extracorporal circulation, nitroprusside was added to decrease systemic resistance and as protection against multi organ failure. Additionally, three children received enoximone for 6 and 8 days, respectively. The intubation period ranged from 2 to 7 days and was prolonged in the older infants. The patients were discharged from the hospital at days 15-22. Two patients developed mild to moderate pleural effusion, one had transient LV hypocontractility. Echocardiography showed an increase in LV posterior wall thickness, with a rise from 3 mm preoperatively to 6 mm at the 19th postoperative day in one patient ( Figs. 1 and 2) . Mean follow-up in four children reached 19.0 months (range: 11.5 -34 months) and has been uneventful. The fifth patient has been discharged from hospital in good condition.
Comment
Two stage ASO is generally prefered to a Senning or Mustard procedure in TGA with IVS or small VSD beyond the neonatal period. Still, the overall mortality is up to 15% and severe complications may occur such as LV-dysfunction, aortic regurgitation, impossibility of a Lecompte maneuver, decrease of the band-pressuregradient and also the development of adhesions. Until now the necessary training period for the LV has been a matter of controversy [13] . The best results with lowest mortality and morbidity are found with a very short interval of about 1 week [8] . Nevertheless the two stage ASO should be performed only when a primary anatomic correction is not possible.
To select patients who might tolerate a primary ASO beyond the neonatal period, we performed a trial of pulmonary artery banding, increasing the LV pressure to systemic pressure for at least 15 min in five cases. All infants tolerated this test well and survived the following ASO without major complications. Hitherto there are no reports about ASO in simple TGA beyond the neonatal period with a P/S-ratio lower than 0.5, but none of the five patients presented here would have fulfilled the criteria for an ASO required for the second step in the two stage procedure [2] .
The fact that ASO can be performed even if LV pressure is low is probably due to a better and faster adaption of the LV during the first months of life and the absence of hypoxemia after the correction [1] . The technique presented here has not been performed in infants older than three months of life, but it might be possible to do so. Due to the increasing availability of LV-assist devices, more courageous procedures may now be performed; these devices can be inserted in neonates in cases of LV failure [3, 5, 7] .
Our results demonstrate that a pulmonary artery to systemic pressure ratio of 0.5 or lower and a bananashape of LV in short echocardiographical axis are not absolute contraindications for primary ASO. However, the postoperative dependence on inotropic medication may be prolonged as was also reported for the rapid two-stage procedure [8] .
In the two-stage procedure LV-dysfunction after the ASO has always been related to the preoperative P/S- pressure ratio and the echocardiographic findings. However, LV-dysfunction may also have other causes, such as intraoperative myocardial preservation problems, perfusion deficits of the myocardium or a pre-existing damage of the myocardium due to prolonged hypoxemia. In our opinion, there is no exact age cutoff for primary ASO. Banana-shape of the LV in echocardiogramm and low LV-pressure are obviously not absolute contraindications for an ASO in simple TGA at least up to 3 months of age. Trial of pulmonary banding seems to be a reliable indicator as to whether primary ASO will be tolerated or not. If LV failure does not occur after 15 -30 min, a 'one-stage' ASO appears to be possible. If however, a two-stage procedure should become necessary, the secondary ASO should be done early within the second week after the banding in order to operate before the development of severe adhesions.
